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Severe aortic stenosis in elderly patients
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SUMMARY Clinical and non-invasive findings were compared with catheterisation data in 91
elderly patients (mean 65 years, range 52-78) with suspected severe aortic stenosis requiring
operation. Heart catheterisation showed that forty nine patients had a valve area of < 0-6 cm2, 36
had a valve area of 0 7-1 0cm2, and six an area of > I1 cm2. Coexistent aortic regurgitation was
found in 85% of the cases, but severe regurgitation was found in only one patient (1%). Seventy
seven per cent of patients had chest pain, 74% had dyspnoea, and 46% had exertional vertigo or
syncope. Coronary angiography, which was performed in 77 patients, showed coronary artery
disease in 24% of those with a history of angina pectoris and in none ofthose without. All patients
had echodense valves; aortic valve calcification was shown by x ray in 76% and in all but one by
cineradiography. The peak of the systolic murmur was delayed in 98% of the patients. Although
a prolonged left ventricular ejection time was characteristic of severe aortic stenosis, a normal
value did not exclude this diagnosis. Most patients (84%) had increased QRS amplitude on the
electrocardiogram. Echocardiography showed an increased left ventricular wall thickness in 90%
of the patients in whom it was possible to define the myocardial borders. There was an inadequate
blood pressure increase in response to exercise in 82%. In about 25% of the patients the exercise
test was at variance with the New York Heart Association classification. Findings suggesting
severe aortic stenosis resembled those reported for younger age groups. When most findings point
to severe aortic stenosis, the absence of a single symptom or non-invasive sign does not exclude
severe aortic stenosis.

The classic symptoms of aortic stenosis-congestive
heart failure, angina pectoris, and syncope-usually
appear in the sixth decade or later' 2 and without
operation outcome is usually poor. Operation on
elderly patients with aortic stenosis is now feasible.
Studies of the diagnosis and haemodynamics of aor-
tic stenosis have mainly been of younger patients
with isolated aortic stenosis; patients with coexistent
aortic regurgitation have been excluded. Usually
only single non-invasive signs have been in-
vestigated, and of those studies in which a combina-
tion of non-invasive variables was used to predict
the severity of aortic stenosis3 - 6 only one6 included
echocardiography and none included an exercise
test.

In our experience isolated aortic stenosis is rare in
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elderly patients. Because coexistent ischaemic heart
disease is common, coronary angiography has
seemed to be essential, although it was reported as
being carried out in only one of the above mentioned
studies.6 Our study describes the haemodynamic,
clinical, and non-invasive features in a group of
elderly patients referred for catheterisation because
they were believed to have aortic stenosis severe
enough to merit operation.

Patients and methods

The patients who fulfilled the above criteria were all
> 50 years old and numbered 94, but three of them
have been excluded because their aortic valve area
could not be determined at catheterisation. The re-
maining 91 comprised 38 women and 53 men aged
52-78 years (mean 65). Figure 1 shows the func-
tional capacity of the 91 patients according to New
York Heart Association criteria.7 Eighteen patients
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were or had been on maintenance a
medication. Forty four patients wer
on diuretics and 23 on ,B blockers.

Methods

Patient history was extracted fro
records with particular emphasis c

chest pain, dyspnoea, dizziness, anc
lead electrocardiogram was record
evaluated according to the Minnesot
ercise test was performed with the p
an electrically braked bicycle ergomc
stepped increase in load every sixth
or with a continuous increase in wi

each minute (n = 32). Chest pain,
ziness, fall in systolic blood pressure
used as end points. With the step
workloads, maximal work perform
was calculated according to Stran
continuous load increase, the workl4
ruption of the test was converted i

multiplication by a factor of 0 78.10
Indirect systolic blood pressure i

exercise was classified as: I a fall of
a subnormal rise, that is < 10mm
crease in workload; III a normal ri
30mmHg rise per 30W. Phonoca
performed from the apex in the left
(A) and from the base of the heart,
mur was strongest (B). The maximu
ejection murmur was defined and
lation to the onset of the Q wave ani

the first heart sound (Si). These tir
subsequently related to the Q-S2 a
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respectively. The third and fourth heart sounds
were regarded as abnormal if they had increased am-
plitudes relative to second heart sound (S2) and had
a higher frequency content than normal. The carotid
pulse was recorded with a system time constant of
3 2 s at a paper speed of 100 mm/s simultaneously
with the electrocardiogram (lead II). Left ventricu-
lar ejection time was measured and rate corrected in'
three different ways. 1 -13 The T time and U time
were measured according to Tavel'4 and were cor-
rected according to Bazett.12

All chest radiographs and cineangiograms were
examined retrospectively in sequence by one experi-
enced radiologist without knowledge of other
patient data. Aortic valve calcification was indepen-

70 8C) dently estimated from the chest x rays and the cine-
angiography. Left ventricular angiography was
performed in all patients, retrograde thoracic aor-

stfication in tography in 87, and selective coronary angiography
in 77. Aortic regurgitation was assessed semi-
quantitatively according to Cullhed"5 and mitral re-

antihypertensive gurgitation in a similar manner.
e on digitalis, 51 The echocardiograms, which had been recorded

at routine clinical examination, were checked and
remeasured by an experienced technician who was
unaware of the catheterisation results. All mea-
surements were obtained from M mode recordings

m the medical made with a 3MHz ATL (Advanced Technology
)n effort-related Laboratory) mechanical sector scanner with the pa-
d syncope. A 12 tient recumbent in the left lateral position, according
led at rest and to the recommendations of the American Society of
ta Code.8 An ex- Echocardiography. 6 Left ventricular muscle mass
patient seated on was determined according to Bennett and Evans.17
tter with either a All patients were catheterised, with a transseptal
minute (n= 44) catheter to the left ventricle, one catheter to central
orkload of 10W aorta, and a third one to the pulmonary artery. Pres-
dyspnoea, diz- sures were registered by external pressure trans-
or fatigue were ducers with the mid-thoracic level as a reference

aped increase in point. Cardiac output was determined by the Fick
lance (Wmax 6') method. Simultaneous aortic and left ventricular
Ldell.9 With the pressures were recorded during the cardiac output
oad at the inter- determination and the aortic valve area was calcu-
nto Wmax 6' by lated by the Gorlin formula.'8

response during Statistics
> 10 mm Hg; II One way analysis of variance was performed to de-
Hg per 30W in- termine the statistical significance of observed
ise, that is 11 to differences between the three severity groups (see
irdiography was below). If a significant F ratio was obtained,
t lateral position differences between each pair of group means were
where the mur- compared by Duncan's new multiple range test.19
m of the systolic Linear regression coefficients were calculated by
assessed in re- the method of least squares. Multiple regression
d to the onset of analysis, as expected, yielded no useful relations for
ie intervals were the evaluation of the severity of the aortic stenosis
mrd S1-S2 times because of the uniformity of these selected patients.
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Severity of aoitic regurgitation

Fig. 2 Aortic regurgitation in relation to aortic valve area.

Aortic regurgitation was assessed semiquantitatively
according to Cullhed, ` where 0 is no regurgitation and IV is
severe regurgitation. Aortography was not performed in four
cases.

Results

Classification
The patients were classified according to the severity
of their aortic stenosis. Forty nine patients (54%)
(age 52-78, mean 67 years) were classified as having

C4111 111l! 1iBDyspnoca
[1111C'hest pain

DY1 r ! l | __1 n Vertigo/. I 81 l l ) n!| v syncope

Fig. 3 Occurrence of dyspnoea, chest pain, and
dizziness/syncope. Three of the 91 patients had no symptoms

and are not included in the figure.

severe stenosis (aortic valve area < 0-6 cm2),
36 (39%) (age 53-76, mean 63), as having moderate
stenosis (area 0 7-1 0 cm2), and six (7%) (age 61-71,
mean 67) as having mild stenosis (area 11 cm2).
Seventy seven (85%) of the patients had aortic re-

gurgitation of varying degrees, but only one patient
(1%) had severe regurgitation (Fig. 2). No patient
was excluded because of its presence (see Dis-

Table 1 Haemodynamic variables

Aortic stenosis No Mean SD Range

Aortic valve area (cm2) Severe 49 0-48 0.10 0-2-0-6
Moderate 36 0-78 0.10 0.7-1.0
Mild 6 1-63 0-66 1-2-2-9

Peak systolic gradient (mm Hg) Severe 49 79- 31 31-171
Moderate 36 ** 44, 19 11-90
Mild 6 L8J * 19 0-45

Mean systolic gradient (mm Hg) Severe 49 64i * 21 28-124
Moderate 36 ** 39 14 11-73
Mild 6 -181 * 14 2-33

Left ventricular systolic pressure Severe 49 r211j ** 37 125-305
(mm Hg) Moderate 36 ** 189 28 118-241

Mild 6 -164 34 110-204

Left ventricular end diastolic pressure Severe 49 21 9 7-40
(mm Hg) Moderate 36 18 8 7-40

Mild 6 17 5 10-24

Right atrial mean pressure (mm Hg) Severe 49 6 4 2-21
Moderate 36 6 3 1-18
Mild 6 6 2 3-8

Systolic pulmonary arterial pressure Severe 49 42 20 20-100
(mm Hg) Moderate 36 36 13 20-74

Mild 6 37 6 27-42

Arteriovenous oxygen difference (ml/l) Severe 49 57 11 39-92
Moderate 36 55 13 38-94
Mild 6 57 16 44-86

Stroke volume (ml) Severe 49 *53] 14 27-89
Moderate 36 ** 64 16 23-96
Mild 6 -70 24 30-100

*p<0.05, **p<0.01.
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cussion). Twenty patients (22%) had mild mitral re-
gurgitation and nine (10%) had moderate mitral
regurgitation; these cases were equally distributed
among the three aortic stenosis groups. Only two
patients had severe mitral regurgitation-one in
each of the groups with severe and moderate ob-
struction. The calculated aortic area forms the basis
of the comparison with the non-invasive data.
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Fig. 4 Peak systolic gradient in relation to calculated aortic
valve area. No correction was madefor degree of aortic
regurgitation.

Symptoms
Seventy patients (77%) had a history of chest pain,
67 (74%) of dyspnoea, and 42 (46%) of vertigo
and/or syncope, all related to exertion (Fig. 3).
Twenty five patients (27%) had a combination of all
these symptoms and in 24 of these 25 patients the
aortic valve area was less than 1l1 cm2. Three
patients, however, without any of these symptoms
had the same small valve area.
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Fig. 5 Physical work capacity at the exercise
as per cent of age and sex related reference valu
(Wmax%)21 in relation to aortic valve area (I
York Heart Association classification (b).

] Mild Findings at invasive investigation
Table 1 summarises some variables that were deter-

S Modewrae mined invasively. As expected there is an inverse
Sewe correlation between valvar area and systolic pressure

gradient (Fig. 4). It is, however, notable that in indi-
vidual patients with a peak systolic gradient of only
30mmHg the valve area was less than 0 7 cm2. The
stroke volume correlated with valve area. There was
no significant difference between the three groups

| for most of the other invasive variables (Table 1).

Electrocardiography
The R amplitude criteria of left ventricular hyper-

8 °100 trophy (Minnesota code 3.1 or 3.3) were fulfilled in
84% of the patients. One of the patients with a mod-
erate stenosis had a normal electrocardiogram at
rest. The remaining patients had left bundle branch

]:NYHA I block (four), signs of old infarction (two), pacemaker
I NYHA II (one), or T wave abnormalities (seven).
NYHAIXI1a ~~~Exercise test

INYHtA I An exercise test was performed by 76 patients (84%)
37 of whom were in New York Heart Association
functional class III or IV. There were no compli-
cations. The reasons for interruption of the exercise
test were blood pressure reaction (36%), chest pain
(29%), dyspnoea (34%), vertigo (3%), tiredness
(26%), other (29%). Physical work capacity was re-
duced to below 80% of the reference value20 in 95%
of the patients. Figure 5 shows the relation of the
work capacity to valve area and to the New York

80 100 Heart Association functional classification. -Sixty
two patients (82%) had a subnormal blood pressure

test, expressed increase (n = 33) or a blood pressure reduction
te (n= 29) during the exercise test. Thirteen patients
a) and Neut- without a history of dizziness or syncope and with

normal left ventricular ejection time had a subnor-
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Phonocardiogram and carotid pulse recording
Mild As the valve area decreased the maximum of the

Moderate murmur tended to come later in systole (Table 2),
Severe but this resulted in a significant difference only be-

tween the group with severe and that with mild
stenosis and only at the apex. The fourth sound was
abnormal in 25% of the patients; this sign was
equally common in all three groups. Only 5% of the
patients had an abnormal third heart sound. The left
ventricular ejection time, U time, and T time were

130 140 significantly longer for the group with severe steno-
sis compared with the groups with moderate and
mild stenosis (Fig. 6, Table 2).

4d according to
ue area. Echocardiography

In all patients echodensity was increased in the aor-
d pressure re- tic valve region. Left ventricular wall thickness was

increased in 44 (90%) of the 49 patients in whom it

Table 2 Findings at phonocardiogram and pulse curve registrations

Aortic stenosis No Mean SD Range

QM2-A Severe 39 F0 66 0-06 0 53-0-82
Moderate 35 * 063 0-07 048-0-77
Mild 6 -058 010 0-44-068

QM2-B Severe 44 0-67 0-05 0-59-0-76
Moderate 33 0-65 007 0-47-0 79
Mild 6 063 0 11 045-0-78

LVET(%) Severe 41 ill]** 9 97-135
Moderate 30 ** 106 9 86-127
Mild 6 100 9 89-112

U time (ms) Severe 41 [240 * 27 190-300
Moderate 30 ** 225 25 180-280
Mild 6 199] * 25 170-250

T time (ms) Severe 41 711 17 39-120
Moderate 29 ** 162 16 35-106
Mild 6 L45 * 14 35-70

QM2, fractional time of maximum of murmur in relation to electromechanical systole; A, apex; B, base; LVET, left ventricular ejection
time, corrected according to Meiners."1 U time and T time are rate corrected according to Bazett.'2
*p<0-05, **p<001o.

Table 3 Echocardiographic findings

Variable Aortic stenosis No Mean SD Range
LVIDed (mm) Severe 25 51 9 39-76

Moderate 23 54 8 35-74
Mild 4 66 10 52-73

(IVSed + LVPWed)/2 (mm) Severe 25 15-2 2-3 12-20
Moderate 21 14 3 2-0 11-19
Mild 3 138 10 13-15

Left ventricular mass (g) Severe 25 433 141 263-788
Moderate 21 442 124 271-738
Mild 3 532 178 370-722

LAes (mm) Severe 39 41 7 27-58
Moderate 31 42 7 31-61
Mild 6 44 6 38-52

LVIDed, left ventricular end diastolic diameter; IVSed, septal end diastolic thickness; LVPWed, left ventricular posterior wall end
diastolic thickness; LAes, left atrial end systolic diameter.
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Severe aortic stenosis
could be measured. The left ventricle was dilated to
more than 55 mm in 19 (37%) of 52 cases (Table 3).
There was no correlation between estimated left
ventricular mass and valve area, nor between sever-
ity of aortic stenosis and left atrial size.

Radiography
Aortic calcification was seen in 44 (90%) of 49 cases
on the chest x ray in the group with severe, in
23(68%) of 34 cases in the group with moderate,
and in two (33%) out of six cases in the group with
mild stenosis. The corresponding figures for
calcifications on the cineradiography were
49/49 (100%), 33/34 (97%), and 5/5 (100%).

Coronary angiography
Of 70 patients (77%) who suffered from chest pain
63(90%) had coronary angiography. Seventeen
(27%) of these had at least one coronary arterial
stenosis reducing the luminal area by 70% or more.
Single vessel disease was found in 10 patients, two
and three vessel disease in five and two respectively.
Of the remaining 21 (23%) patients without chest
pain, 14 (67%) had coronary angiography and none
had a stenosis.

Discussion

Because the patients in this study were selected on
account of their apparent need of operation, the fre-
quency of particular symptoms or signs in them
should not be taken as being representative of an
unselected population of patients with aortic valvar
disease. This applies especially to the group with
mild stenosis. In four of the six patients in this group
the non-invasive results did not indicate a severe
stenosis and in one they were contradictory, but the
patients were catheterised because of severe symp-
toms, exercise related dizziness or syncope or left
ventricular failure in combination with a murmur of
aortic stenosis.

Patients with aortic regurgitation were not ex-
cluded because aortic stenosis seldom occurs with-
out any regurgitation in this age group. Patients who
before catheterisation were judged to have predom-
inant aortic regurgitation with minimal stenosis
were, however, not included.
The severity of an aortic stenosis can be expressed

as the pressure difference across the valve or as the
calculated valve area."8 With aortic regurgitation,
the area is underestimated because the flow across
the valve is greater than the forward stroke volume
measured by the Fick method. Expression of aortic
stenosis in terms of valve area does, however, give
information about the degree ofhaemodynamic load
imposed by the valve lesion.
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CLINICAL AND NON-INVASIVE FINDINGS
No relation was found between single symptoms and
valve area; this accords with other studies.21 22 It is
not surprising since the symptoms ofother disease-
for example, coronary artery disease-may resemble
those of aortic stenosis.
The non-invasive findings can be classified ac-

cording to morphological changes in the aortic valve,
haemodynamic effects of obstruction to flow, mea-
sures reflecting left ventricular hypertrophy, and of
functional capacity.

Morphological changes in the aortic valve
In 78% of the whole group and 90% of those with
severe stenosis calcification was seen on the chest x
ray. This is slightly less than was reported by
Szamosi and Wassberg who found calcification in
91% of patients with aortic stenosis undergoing
operation23 but more than that reported by Nak-
amura et al.6 Cineradiography was much more sen-
sitive than the chest x ray, and detected calcification
in 99% of our study group. Increased echodensity at
the aortic valves was even more sensitive than
cineradiography since it was detected in 100% of
patients, although the severity of aortic stenosis
could not be assessed from the extent of cusp sepa-
ration (which was often undetectable). Therefore
fluoroscopy and echocardiography are extremely
useful because they can reliably suggest or rule out
the possibility of aortic stenosis in the atypical
case.24

Non-invasive measures of the obstruction to flow
Late peak intensity of the systolic murmur is cor-
related with severity of aortic stenosis.3525 The
peak intensity was, however, difficult to identify in
our patients because there was considerable beat to
beat variation, which was often due to irregular high
intensity vibrations occurring within the murmur.
In all patients except two, however, the murmur was
most intense in late systole. A prolonged left ventric-
ular ejection time and a slow rise of the systolic pulse
wave is typically found in valvar aortic stenosis. An
appreciable number of our patients, however, had a
normal left ventricular ejection time. However, the
left ventricular ejection time, the rate corrected up-
stroke time, and T time differed considerably in the
three groups. The carotid pulse tracing is therefore a
useful aid for estimating the severity of aortic steno-
sis in this age group too.3 5 26

Non-invasive variables reflecting left ventricular
hypertrophy
The frequency (84%) of electrocardiographic evi-
dence of left ventricular hypertrophy was similar to
that reported in other studies.27 Only one patient
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Fig. 7 Comparison between patient groups with left atrial
pressure < 20 and > 20mmHg with regard to symptoms

(New York Heart Association III or IV), blood pressure
reaction at exercise test (BP), left ventricular ejection time
(LVET), time ofmaximum systolic murmur in relation to

electromechanical systole (QM2-B), fractional shortening
(FS), and ejection fraction (EF) measured withM mode
echocardiography.

had a completely normal electrocardiogram. Left
ventricular wall thickness was increased in 90% of
the patients in whom it was possible to define the
myocardial borders echocardiographically. This
was, however, possible only in 54% of the patients.
The frequency of echocardiographic left ventricular
hypertrophy was similar to that observed by
others.28 Bennett's formula29 for estimation of the
degree of stenosis from the ratio of wall thickness to
left ventricular cavity dimension was not applicable
to our patients. It has been suggested that patients
with severe aortic stenosis have an increased left
atrial size.30 This was not true in our patients.

Functional evaluation
The exercise test was performed by 84% of the pa-
tients. Many were in New York Heart Association
functional class III or IV; but with precautions,
namely, frequent blood pressure recordings, and in-
terruption of the test when blood pressure fell or
dizziness or angina occurred, the tests could be per-
formed safely. As with other observations31 32 the
exercise test gave additional information about the
functional capacity. Eight patients in New York
Heart Association class III or class IV had only a
moderatly reduced work capacity (50-80% of the
expected) while 12 patients in New York Heart
Association class II had a work capacity below 50%
of expected.

FACTORS INFLUENCING THE NON-INVASIVE
FINDINGS
The reason why combinations of non-invasive tests
are needed for accurate prediction of severe aortic
stenosis is because factors other than the degree of
aortic valvar obstruction-notably medication, hy-

pertension, left ventricular dysfunction, and coro-
nary artery disease-will affect the measurement of
single variables.

Patients treated by / receptor blockade or di-
uretics or both and untreated patients did not differ
in regard to the type of blood pressure reaction or
the left ventricular ejection time. Arterial hyper-
tension was equally distributed between patients
with and without electrocardiographic signs of left
ventricular hypertrophy. Hypertension had no
demonstrable influence on the correlations between
echocardiographic measures of left ventricular hy-
pertrophy and aortic valve area. Genovese et al have
reported that patients with aortic stenosis and hy-
pertension have an earlier maximum of the systolic
murmur than those without hypertension.33 This
was not the case in our patients.
To analyse the effect of left ventricular dys-

function we excluded patients with moderate to
severe mitral regurgitation and compared the non-
invasive findings in patients with a left atrial mean
pressure of 20mmHg or more with patients with
lower left atrial pressures (Fig. 7). Only New York
Heart Association functional class, echo-
cardiographic fractional shortening, and ejection
fraction discriminated between the two groups.
Thus in elderly patients it was difficult to determine
whether symptoms such as dyspnoea or a reduced
exercise tolerance were caused by the aortic stenosis,
left ventricular dysfunction, or both.
Both coronary artery disease and aortic valve dis-

ease may produce angina. Our patients had a similar
frequency of chest pain and coronary artery disease
as earlier reported in middle aged patients with aor-
tic stenosis. Coronary artery disease was not found
in any patient without angina pectoris which accords
with another report.34 Hence the indication for co-
ronary angiography in patients without angina is
questionable.
To summarise, in elderly patients with aortic

stenosis: (a) electrocardiography and chest x ray are
useful for routine examination, and normal findings
do not exclude severe aortic stenosis; (b) a late max-
imum of the systolic murmur is characteristic of
severe aortic stenosis, even in patients with left ven-
tricular dysfunction or hypertension; (c) in severe
aortic stenosis the carotid pulse tracing is often ab-
normal, and to some extent the degree of abnormal-
ity correlates with the severity of stenosis; (d) there
is evidence of left ventricular hypertrophy on the
electrocardiogram in 80-90% of cases and by echo-
cardiography in about 90% of those patients in
whom satisfactory recordings are obtained; (e) echo-
dense aortic valves with reduced motility are a re-
liable echocardiographic indicator of aortic valve
disease, which is valuable in atypical cases and for
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the differentiation between subvalvar obstructions
and aortic stenosis, but this investigation does not
indicate the severity of the disease; (f) coronary ar-
tery disease without angina pectoris is very rare and
the need for routine coronary angiography in this
age group is therefore questionable; (g) the exercise
test gives an objective measurement of the physical
work capacity-an inadequate blood pressure reac-
tion during exercise is a common finding; (h) when
most findings point to severe aortic stenosis the ab-
sence of a single symptom or non-invasive sign does
not exclude this diagnosis.
This study was supported by grants from the Swe-
dish National Association against Heart and Chest
Diseases, the County Council of Ostergotland, and
the Swedish Medical Research Council.
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